The impact of the merosesquiterpenoids avarol (1), avarone (2), 18-methylaminoavarone (3), melemeleone A (4), isospongiaquinone (5), ilimaquinone (6), and smenoquinone (7), isolated from marine sponges of the Dictyoceratida order, was studied on the root growth of seedlings of buckwheat (Fagopyrumesculentum Moench), wheat (Triticumaestivum L.), soy (Glycine max (L.) Merr.), and barley (Hordeumvulgare L.). Compounds 2and 6 were effective for the root growth of wheat seedlings, compound 3 stimulated the root growth of seedlings of buckwheat and soy, compound 4 affected the roots of barley seedlings, and compound 5 stimulated the root growth of seedlings of buckwheat and barley. Compounds 1 and 7 showed no activity on the root growth of the seedlings of any of the studied plants. The stimulatory effect depends on the chemical structure of the compounds and the type of crop plant.
A variety of compounds having a quinone or hydroquinone moiety attached to a sesquiterpenoid skeleton have been isolated from marine sponges. Sesquiterpenoidquinones and hydroquinones have attracted much interest in recent years due to their biological properties such as antitumor, antimicrobial, and anti-HIV activities [1] [2] [3] . Marine sponges provide a rich source of pharmaceutically active sesquiterpenoidquinones and hydroquinones [1] [2] [3] , but no effort has been put into the study of their agricultural use as plant growth stimulants.
We studied the impact of the merosesquiterpenoids avarol (1), avarone (2) , 18-methylaminoavarone (3), melemeleone A (4), isospongiaquinone (5), ilimaquinone (6) , and smenoquinone (7), isolated from Dictyoceratida marine sponges, on the root growth of seedlings of buckwheat (Fagopyrumesculentum Moench), wheat (Triticumaestivum L.), soy (Glycine max (L.) Merr.), and barley (Hordeumvulgare L.).
Compounds 3, 5, and 6 ( Figure 1) showed activity on the roots of seedlings of buckwheat (Table 1) , the most active being 18-methylaminoavarone (3). At a concentration of 10 µg/mL, an increase in root growth was observed of 14%. By reducing the concentration of 3 to 0.01 µg/mL there was a slight decrease in activity (11%). Compounds 5 and 6 also showed a stimulatory effect on the same plant. Both of these substances at a concentration of 10 µg/mL increased root growth of buckwheat seedlings by 11% and 10%, respectively. Compounds 5 and 6 differ in the structure of the terpenoid part, but have the same quinonoid fragment. Both compounds showed about the same stimulating effect on the roots of seedlings of buckwheat. Only two compounds, avarone (2) and ilimaquinone (6), showed activity on the growth of the roots of wheat seedlings (Table 2) . Compound 2 at concentrations of 0.1 and 1.0 µg/mL increased root growth by 18% and 16%, respectively. Compound 6, at a concentration of 10.0 µg/mL, showed a growth stimulating effect of 14%. The other compounds had no effect on the root growth of wheat seedlings. As seen from Table 3 , only compound 3 showed activity on the root growth of soy. This compound, at a concentration of 1.0 µg/mL, stimulated the growth of roots of soy by10%.
Melemeleone A (4) and isospongiaquinone (5) showed a stimulating activity on the growth of the roots of barley seedlings (Table 4) . At a concentration of 0.1 µg/mL, both compounds increased root growth of seedlings by 12%. Other compounds of this group (1, 2, 3, 6, and 7) did not show a stimulating activity on the growth of the roots of barley seedlings.
Compounds 1-5 have the same terpenoid fragment and the differences lie in the benzenoid moiety. Compound 1, having a hydroquinone fragment, has no activity on the growth of the seedling roots of the tested plants in contrast with compounds 2-5 bearing quinonoid fragments. Compounds 6 and 7 both have the same terpenoid moiety, but their difference is in the substituted quinonoid fragment; compound 6 has a methoxyl group at position 18 as opposed to the hydroxyl group in 7. Compound 7, with two hydroxyl groups, did not show activity, like compound 1 with a hydroquinone moiety. Compound 4 differs from 3 by the presence of a taurine residue instead of a methylamino group as in compound 3. Compound 3 showed activity on the seedling root of buckwheat and soy, while compound 4 showed activity on the seedling root of barley.
The obtained results show that the studied marine sesquiterpenequinones are promising substances, since they demonstrated growth stimulatory effects on the germination of seedling roots of crops comparable with those of the standard growth stimulant heteroauxin, and, therefore, could be recommended for field study as plant growth stimulators.
Experimental
Animal material: The sponges Dysidea sp. and Spongia sp. (South China Sea, Vietnam, 2013) were collected using SCUBA during scientific cruises of R/V "Academik Oparin".
Extraction and isolation:
The freeze-dried sample of Dysidea sp.
(20 g) was extracted with CHCl 3 and then with EtOH. The CHCl 3 extract was chromatographed on a silica gel column (n-hexaneacetone/4:1) to obtain compounds 1-3, which were purified on a Sephadex LH-20 (CHCl 3 -EtOH/10:1) column to obtain pure avarol (1, 0.41% based on the dry weight of the sponge), avarone (2, 0.1%), and 18-methylaminoavarone (3, 0.1%). The EtOH extract was fractionated on a silica gel column using CHCl 3 -EtOH/2:1 to obtain polar compound 4, which was purified by vacuum flash reversed-phase C-18 chromatography with 40% aqueous EtOH, followed by Sephadex LH-20 CC in CHCl 3 -EtOH/2:1) to afford melemeleone A (4, 0.06%). Compounds 1-4 were identified by comparison of spectroscopic data with published values [4, 5] .
Spongia sp. (30 g) was extracted with CHCl 3 . The extract was fractionated on a Sephadex LH-20 column in CHCl 3 -MeOH/3:1 to obtain isospongiaquinone (5, 0.05%), ilimaquinone (6, 0.5%), and smenoquinone (7, 0.05%). Compounds were identified by comparison of spectroscopic data with published values [6, 7] .
Phytoregulating activity: The seeds of barley (Hordeumvulgare), soy (Glycine max), wheat (Triticumaestivum), and buckwheat (Fagopyrumesculentum) were harvested in 2014. The assay was adapted from a published method [8] . Twenty-five dry seeds were placed on a strip of filter paper (12 cm42 cm) moistened with a solution of a test compound at different concentrations (0 -10 µg/mL). Heteroauxin was used as the positive standard plant growth stimulator. Strips were rolled and placed into beakers with a solution of a test compound (100 mL) to incubate for 3 days at 23-25°C. Seeds grown in distilled water were used as control. Tests were carried out for each concentration in triplicate. The length of a main root of a seedling was measured after incubation. The length of roots of a control was taken as 100%. Results were expressed as percentage of the control (M ± se). Data were analyzed using Origin 7.0 software. The significance of the results between control and test samples was estimated using the Student t-criterion (p < 0.05).
